Background: Pancreatic adenocarcinoma still has an excessively high mortality rate and resection is the only potentially curative treatment. The postoperative 5-year survival rate is approximately 20% and recurrence develops generally within 2 years. We report a case of a localized recurrent pancreatic adenocarcinoma in the remnant pancreas, 7 years after initial resection. Case presentation: In 2008 an abdominal computed tomography scan showed a mass in the pancreas of a 70-year-old white woman, who presented with occlusive jaundice and abdominal pain in her right upper quadrant. A pancreatoduodenectomy was performed for a clinically suspected pancreatic adenocarcinoma. Histology confirmed a ductal adenocarcinoma. Afterwards, she received adjuvant chemotherapy with gemcitabine. In 2015 a follow-up positron emission tomography-computed tomography scan showed a single lesion in her remnant pancreas. Subsequently, a partial re-resection was performed. Histology confirmed once again a ductal adenocarcinoma. She received adjuvant chemotherapy with gemcitabine again and is still alive almost 9 years after she had first been diagnosed as having pancreatic cancer. Conclusions: In selected cases re-resection for pancreatic recurrence is feasible and provides a survival benefit. In cases involving late recurrence, it is difficult to distinguish between true recurrence and the development of a new tumor. In order to detect recurrences at an early stage in long-term survivors, follow-up needs to occur on a regular and long-term basis.
Background
Out of all pancreatic cancers, 80% are pancreatic ductal adenocarcinomas. The worldwide incidence is 4.9 per 100,000 annually for men and 3.6 per 100,000 annually for women [1, 2] . Due to its aggressive nature, surgery is generally the only option for curative treatment. But due to locally advanced infiltration or local and systemic metastases, only a third of the patients are eligible for surgery at initial diagnosis [3] .
The last few decades have seen major advancements in surgical techniques and adjuvant therapy options for the management of pancreatic malignancies. Perioperative mortality has been significantly reduced to less than 5%. However, the overall 5-year survival rate after resection remains low with reported rates of 22.5% in combination with adjuvant chemotherapy and 11.5% without adjuvant chemotherapy [3, 4] . This reflects the high mortality rate of 4.7 per 100,000 annually for men and 3.4 per 100,000 annually for women [2] .
Approximately 80% of all surgically treated patients develop a recurrence [5] . Usually the recurrence is found in the remnant pancreas or has metastasized to the liver or the peritoneum. It typically develops within 2 years after the initial resection [6] .
It is therefore exceptional that we can report the case of a woman with successful re-resection of recurrent pancreatic ductal adenocarcinoma in the remnant pancreas, 7 years after initial resection.
Case presentation
In 2008, a 70-year-old white woman with a medical history of hypertension, dyslipidemia, and gonarthrosis was referred to a regional hospital by her general practitioner with occlusive jaundice and abdominal pain in her right upper quadrant. An abdominal computed tomography (CT; Fig. 1 ) scan showed a 2 × 1.7 cm mass in the head and uncinate process of her pancreas with abutment of her portal vein. Her cancer antigen 19-9 (CA 19-9) was 12.3 kU/l.
Although repeated fine needle aspiration failed to confirm the radiologically suspected carcinoma, it remained the leading differential diagnosis. The case was discussed at a multidisciplinary tumor conference; in accordance with the conference a pancreatoduodenectomy (PD) with portal vein resection was performed in September 2008. Histopathology (Fig. 2) showed a ductal adenocarcinoma: pT3, pN1 (1/31), G3, V1, R0. Her postoperative course was uneventful and she received a full course of adjuvant chemotherapy with six cycles of gemcitabine from October 2008 to April 2009.
For the first 4.5 years (54 months) clinical follow-ups were carried out every 3 months, and controls of CA 19-9 levels as well as radiological controls were performed every 6 months. Subsequently, radiological controls and controls of CA 19-9 levels were performed annually. From 2012 onwards, our patient complained of recurrent fever. As CT scans showed no evidence of recurrence, a positron emission tomography (PET)-CT was performed in August 2015 (Fig. 3) . It showed a single suspicious lesion in the body of her remnant pancreas, 3 cm distal of the pancreaticojejunostomy without any evidence for distant metastasis or peritoneal dissemination. At this point her CA 19-9 was in normal range at 5.0 kU/l.
Her case was once again discussed at a multidisciplinary tumor conference, and an indication for re-resection was confirmed. In September 2015 a resection of the tumor in her remnant pancreas was performed. Intraoperatively it seemed possible to achieve clear resection margins while preserving the tail of her pancreas. In addition, the diameter of her pancreatic duct (3 mm) seemed to be wide enough to perform a safe pancreaticojejunal anastomosis. Therefore, we refrained from performing a total pancreatectomy and decided on a new pancreaticojejunostomy with a Roux-en-Y reconstruction. A histopathological (Fig. 4) showed a ductal adenocarcinoma once again: pT3, pN0 (0/6), G2, R0.
After recovery, she started another course of adjuvant chemotherapy with six cycles of gemcitabine from November 2015 to May 2016. Since May 2016 she has been under regular surveillance, with clinical follow-ups and controls of CA 19-9 levels every 3 months. A CT scan is performed biannually. The first CT in November 2016 showed no recurrence or evidence for metastasis and her CA 19-9 was within normal range at 2.7 kU/l.
She is still alive and well today, 8 years and 9 months after the first operation and 1 year and 9 months after the second operation.
A timeline is shown in Fig. 5 .
Discussion
Over the last 10 years only a few similar case reports have been published [7] [8] [9] [10] [11] [12] [13] . Due to the aggressive nature of pancreatic adenocarcinoma and the poor 5-year survival rate after resection, the possibility of surgical treatment of a recurrence is rare. Miyazaki et al. published a retrospective study analyzing the cases of 284 patients who underwent R0 or R1 resection for pancreatic adenocarcinoma between 2000 and 2012 [14] . Of these patients, 170 developed a recurrence by April 2013. Of the 170 patients, 11 were eligible for re-resection of an isolated recurrence in the remnant pancreas. The 5-year survival rate in the repeat pancreatectomy group versus the unresectable group was 41% versus 6.2% (P < 0.01). Miyazaki et al. concluded that repeat pancreatectomy may improve the survival rate, but should only be sought if R0 resection can be accomplished [14] . Similar results were found in retrospective studies by Strobel et al. and Kleeff et al. where the median survival time in the repeat pancreatectomy group versus the unresectable group was 16.4 versus 9.4 months and 17 versus 9.4 months respectively [5, 15] . Repeat pancreatectomy seems to be a safe method for selected patients with isolated local recurrence, especially if R0 resection can be achieved. Currently there is no official guideline for the treatment of isolated recurrence in the remnant pancreas. By evaluating the CT from our patient, we concluded that a re-resection with negative margins could be achieved and was technically feasible.
As most recurrences develop within the first 2 years after resection [6] , there is some disagreement about the true nature of recurrent pancreatic cancer in the remnant pancreas at a later stage [8, 9, 16] .
Hashimoto et al. reported the cases of eight patients who underwent completion pancreatectomy for cancer in the remnant pancreas 23 to 103 months (median 35.5 months) after initially undergoing PD/distal pancreatectomy for pancreatic cancer [16] . They compared histological specimens from the initial resection with specimens from the repeat resection by means of pyrosequencing assay for Kirsten rat sarcoma (KRAS) mutations and immunohistochemistry for mucin (MUC) 1 and MUC2 to distinguish between cancer recurrence and new primary lesion. Their findings led them to suspect four cases to be true local recurrences of the initial cancer and four cases to be new primary adenocarcinomas. That being said, there is evidence that the genetic composition of a single pancreatic tumor is rather heterogenic [17] . Other authors distinguish between recurrence and new primary lesion based on the location of the recurrence, that is, whether the recurrence is "at or near the original plane of transection" and the time between the first and second cancer [8, 9, 18] . It is still difficult to be certain of a tumor's true etiology. In our case, the patient developed the second lesion in the body of her remnant pancreas, well away from the resection margin. In addition, considering the time between the first and second cancer, we believe that she developed a new primary carcinoma rather than a recurrence.
To date, there is no scientific evidence supporting the belief that regular follow-ups, as defined by staging examinations after resection of a pancreatic cancer, have an influence on survival rate. Neither the German S3 guidelines [19] nor the European Society for Medical Oncology (ESMO) guidelines [1] support regular structured followups. However, the reported level of evidence for both guidelines is very low. The advocates of these guidelines argue that in the great majority of cases the situation is palliative, if a recurrence occurs, and the overall prognosis is poor.
The US National Comprehensive Cancer Network (NCCN) guidelines recommend postoperative followups after curative resection of pancreatic adenocarcinoma every 3 to 6 months for 2 years, followed by annual controls [20] . This is based on the fact that most of the recurrences develop within the first 2 years after surgery. As recurrences and/or new primary cancers can develop recommended a more closely monitored follow-up [18] : They concluded that follow-ups should be carried out every 3 months for 10 years after surgery to detect a possible recurrence or a new lesion at an early stage. A small group of long-term survivors may benefit from a more close-meshed follow-up after pancreatic cancer surgery. Needless to say from an economic point of view such a close-meshed follow-up is difficult to support, since long-term survival is extremely rare.
In our case, clinical controls were performed every 3 months and controls of CA 19-9 as well as radiological controls every 6 months for the first 54 months, followed by annual controls. The same pattern of surveillance, with more frequent controls of CA 19-9, was chosen after the second operation.
The extent of re-resection is controversially discussed in the literature. In all of the cited case reports a completion pancreatectomy was performed [7] [8] [9] [10] [11] [12] [13] . Prior to the surgery in our reported case, we discussed the extent of the re-resection. On the one hand, partial resection would spare the patient from endocrine and exocrine pancreatic insufficiency and its comorbidities. On the other hand, partial resection would promote the risk of new recurrence in the remnant pancreas. In the end, the decision is between a better quality of life for the patient and radical oncological surgery. As reported above, our final decision was made intraoperatively. We strongly believe that if clean margins can be achieved, partial pancreatectomy is a valuable alternative to completion pancreatectomy, even in the case of a repeat resection for recurrent pancreatic adenocarcinoma. From an oncological standpoint there are no data available on the recommended extent of resection in these rare situations.
Conclusions
Re-resections are worthwhile in selected cases and are statistically significantly beneficial for patients in terms of survival rates. Currently, there are no official guidelines for the treatment of resectable recurrent pancreatic adenocarcinoma and the decision has to be made on an individual basis, by a multidisciplinary panel.
For long-term survivors undergoing resection of pancreatic adenocarcinoma, long-term surveillance seems to be mandatory. The revision of existing guidelines appears to be inevitable, since there are considerable discrepancies regarding postoperative follow-up.
In selected patients partial pancreatectomy is technically feasible and saves patients from the lifelong endocrine and exocrine pancreatic insufficiency caused by total pancreatectomy. Currently, there are no recommendations on the extent of re-resection; therefore, we suggest that further studies be conducted on the matter. 
